Because deep Earth processes are inaccessible to direct observation, ideas about them reflect inferences from seismology and other remote sensing, laboratory experiments, analogies to near-surface processes and materials, and personal views of how the Earth works. Geophysical arguments thus often follow Sherlock Holmes' approach: When you have eliminated the impossible, whatever remains, however improbable, must be the truth. Often, however, nature seems so complicated that when taken at face value, no possible explanation remains. Recent results for the mysterious deep earthquakes that occur to depths greater than 600 km, such as those reported in this issue by Silver et al. (1) , come close to this situation. The problem is that large deep earthquakes (1-3) seem to have occurred on faults larger than expected from the competing models of the process causing deep earthquakes.
Deep earthquakes, which occur at depths below 325 km, have long been a subject of great geophysical interest (4 Ideas about temperatures within slabs come from simple models of cold slabs subducting into a hotter mantle (8, 9) . Although the precise temperatures vary between models (10), the basic pattern (see figure) is that successively hotter isotherms reach greater depths. Although these models cannot be tested directly, they predict travel times for seismic waves similar to those observed (9, 11 ), suggesting that they are reasonable approximations.
For deep earthquakes, the important prediction of the thermal models Q is that, at depths greater than 600 km, D (14) , the variation in earthquake depths between slabs is inconsistent with such a pressure effect (5, 15) . It is also unclear whether the hydrated minerals could survive to these depths (16) (20) , earthquake mechanisms (21) , and images of slabs from seismic tomography (22) suggest that slabs deform because of interaction with the 670-km discontinuity, a major change in physical properties at the base of the transition zone.
The figure shows a possible such schematic model for the Bolivian earthquake (23) . The slab is presumed to have a more complex thermal structure because of variations in the age of the subducting plate over time and thickening as a result of slab deformation, causing a widened cold "pod." Large deep earthquakes could occur in this region, either because of metastability or another temperature-controlled process. The real geometry is presumably more complicated and varies both within and among slabs.
Complex and variable deep slab thermal structure is plausible for several reasons. Although simple thermal models vary only slowly along strike for a given slab, the deep seismicity is quite variable. Deep seismicity has distinct clusters and gaps where later large earthquakes can occur (as was the case for the Bolivian earthquake) (23) . Tomographic images of deep slabs also vary along strike and show more complexity (22) than simple thermal models predict (1 1). In addition to mechanical perturbations to the slab, some of this variability may reflect metastability because latent heat release would perturb thermal structure (7, 24) . These variations in both temperature and metastability would cause complex density variations and would thus affect slab stresses and driving forces (7) . If 
